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Like a good detective novel, the
investigation into the molecular
culprits responsible for linking
intracellular Ca2+ store depletion
to the activation of store-operated
Ca2+ channels (SOCs) has long
captivated researchers’ attention.
Deservedly so, as the problem is
of immense physiological
importance: without an efficient
mechanism to refill cytoplasmic
Ca2+ stores, the flexibility of
encoding extracellular information
as rapid, repetitive and
regenerative intracellular Ca2+
signals is lost. Since the beginning
of this story [1], a wide variety of
molecular suspects has been
implicated by seemingly
persuasive experimental evidence,
only for obstinate alibis to emerge
that cast reasonable doubt over
their role in regulating SOCs in
different cell types (recently
reviewed in [2–6]). Our inability to
identify the prime suspect(s) that
senses Ca2+ store content and
also to appreciate how this
information is relayed to SOCs
highlights arguably the weakest
area in our understanding of
receptor-regulated Ca2+ entry.
The advent of molecular
forensics, in the guise of
systematic RNA interference
(RNAi), has just generated an
exciting new breakthrough in this
case. By exploiting the potential of
RNAi for use in function-based
genetic screens, two recent
studies [7,8], one of which
appears in this issue of Current
Biology [8], have independently
identified the STIM (stromal
interaction molecule) family —
hitherto unknown suspects in Ca2+
signaling — as an essential
component of store-operated
Ca2+ entry (SOCE). First, Roos
et al. [7] identified Drosophila
STIM (D-STIM) as a gene product
that depressed SOCE when
suppressed by RNAi. Similar
inhibition of SOCE was observed
by Ca2+ imaging in human cells,
and by direct electrophysiological
recording of the Ca2+ release-
activated current (ICRAC) Jurkat T
cells, following knockdown of
STIM1 — one of the two
vertebrate D-STIM homologues
(STIM1 and STIM2, [9]). In this
issue of Current Biology, Liou
et al. [8] report results from a
siRNA screen against over 2,000
signaling related proteins in HeLa
cells and demonstrate a
requirement for STIM1 and STIM2
to maintain normal levels of SOCE.
The key findings of Roos et al.
[7] (see commentary by Putney
[10]) share many commonalities
with the results reported here by
Liou et al. [8]. First, the studies
clearly demonstrate that RNAi-
mediated silencing of Drosophila
Stim [7] or the human homologue
STIM1 [7,8] inhibited the rate and
amplitude of SOCE in response to
store depletion by thapsigargin or
agonist without affecting the
kinetics of Ca2+ release from
intracellular Ca2+ stores [7,8].
Second, the effect of STIM1
silencing on SOCE was dependent
on the dose of siRNA [8],
culminating in nearly complete
inhibition of Ca2+ entry [7,8], most
elegantly resolved via
electrophysiological analysis of
ICRAC [7]. Reciprocally, STIM1
overexpression increased the
rate/extent of SOCE [7,8]. The
studies are not without their
disparities — for example,
regarding the role of STIM2 in
SOCE — however, these are early
days and these differences may
simply reflect a cell-type-specific
redundancy. What is important is
the broad consensus: two
independent screens in different
organisms converge on a
ubiquitously expressed protein [9]
as a novel regulator of SOCE and
both demonstrate similar
functional effects on SOCE after
manipulation of STIM1 expression
levels.
Structurally, STIM1 and STIM2
are single-pass, transmembrane
phosphoproteins [9,11] capable of
homo- and hetero-oligomerization
via cytoplasmic coiled-coil
domains [7,12]. The proteins
contain multiple motifs potentially
involved in cellular signaling
[9–12], including an unpaired EF
hand motif near the amino
terminus [9]. Considerable
evidence localizes STIM1 at the
cell surface [11–13], although the
most recent studies resolve
significant expression within the
endoplasmic reticulum (ER) [7,8].
Topologically, therefore, this
putative Ca2+-binding motif could
be present either extracellularly
for cell-surface STIM1 (consistent
with a role in cell adhesion [13]), or
within the ER lumen (consistent
with a role in sensing intracellular
Ca2+ store depletion). In this
regard, the results of Liou et al. [8]
provide a dramatic first glimpse
into STIM1 cell biology, bolstering
its candidature as the elusive Ca2+
sensor that senses store loading
as well as providing further insight
into potential mechanisms by
which STIM1 regulates SOCE.
By using fluorescent protein
fusion constructs to monitor
STIM1 localization in live cells,
Liou et al. [8] show that STIM1
distributes pervasively throughout
the ER in unstimulated cells.
However, depletion of intracellular
Ca2+ stores triggered a rapid
redistribution of STIM1 into
localized ER puncta, in the
absence of gross changes in ER
morphology (Figure 1). Although
these STIM1-rich ER domains
formed throughout the entire cell,
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the authors exploited evanescent
wave microscopy to demonstrate
that many puncta formed within
sub-plasma membrane ER
domains (necessarily < 100 nm
from the cell surface, owing to the
narrow depth of the evanescent
field [14]), long suspected to be
crucial for coupling to cell surface
SOCs [2,3,15]. Their hypothesis
that STIM1 acts as an ER lumenal
Ca2+ sensor, the localization of
which is regulated by Ca2+ binding
(Figure 1), was further supported
by mutational analysis. An EF
hand mutant of STIM1 with
impaired Ca2+-binding ability did
not display the pervasive wild-
type distribution but instead
formed aggregates near the cell
surface in the absence of Ca2+
store depletion. As if deluded into
reporting the emptying of
intracellular Ca2+ stores, basal
Ca2+ influx was elevated and not
further potentiated by intracellular
Ca2+ mobilization in cells
overexpressing this mutant. These
properties — ER residency, a
putative luminal Ca2+-binding
motif, a Ca2+-regulated (but
extracellular Ca2+ independent)
redistribution to/from the cell
periphery on a timescale
compatible with macroscopic
measurements of Ca2+ influx,
concentration-dependent
modulation of SOCE — would
seem to fulfill the conceptual
requirements for a Ca2+ sensor
involved in coupling store
depletion to SOCE.
This discovery represents a very
exciting new lead, and raises
several questions for future
investigation. First, what is the
affinity of the putative EF hand
motif for Ca2+? This is a crucial
issue, dictating the sensitivity of
SOC activation to store depletion
[3]. A low-affinity sensor would be
needed to recharge Ca2+ stores
during physiological Ca2+ spiking,
as low agonist concentrations do
not appear to significantly drain
ER Ca2+ [16]. Under such
conditions, a high-affinity Ca2+
sensor could only work in the
context of substantial local
depletions of Ca2+. Currently,
however, there is little consensus
regarding the Ca2+ affinity of these
unconventional, unpaired EF hand
motifs. Second, how does the
Ca2+-dependent conformational
change in STIM1 effect its
recruitment into puncta? Perhaps
oligomeric interactions with STIM
molecules at the cell surface
specify the sites of
juxtamembrane recruitment [7,10].
Alternatively, the cytoplasmic
region of STIM1 contains
consensus binding sites for
several scaffolding adaptors [11].
A recent report shows that IP3
receptors can also undergo
activity-dependent clustering
within the ER [17]. Identifying
other proteins resident within
these puncta would be of great
help in resolving mechanisms by
which STIM regulates SOCE.
Certainly, the most eagerly
anticipated resident of the STIM-
rich, juxtamembrane domains
would be SOCs themselves. Are
these foci the sites for SOCE? The
junctional structures implicated in
conformational coupling models of
SOCE have been hard to study in
live cells owing to their sparseness
and the difficulty in imaging small
Ca2+ fluxes associated with
activation of a small number of
SOCs, especially when one did not
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Figure 1. Speculative model for Ca2+-dependent STIM1 translocation. 
(Top) In cells with replete Ca2+ stores, STIM1 (red) is distributed throughout the ER mem-
brane, and SOC channels at the cell surface are inactive. The inset shows STIM1 span-
ning the ER membrane with the amino-terminal EF hand (circle) and SAM domains
(yellow) projecting into the ER lumen. The cytoplasmic portion of STIM1 contains two
coiled-coil domains and a proline-rich region (green) harboring phosphorylation sites, as
well as consensus Grb2 and 14-3-3 binding sequences. This pervasive ER distribution is
maintained by Ca2+ binding to the lumenal EF hand motif. (Bottom) On Ca2+ store deple-
tion, Ca2+ dissociates from STIM1 evoking a conformational change that permits redistri-
bution into densities distributed throughout the ER, including a proportion in close
proximity to the cell surface which directly/indirectly activate SOCE. Whether
juxtamembrane ER regions exist in resting cells containing insufficient STIM1 content to
activate SOCE, or whether their formation is induced by Ca2+ store depletion is
unresolved. As the Ca2+ store refills, Ca2+ associates with STIM1 effecting a redistribution
throughout the ER which terminates SOCE. The inset shows wild-type STIM1 forming
puncta on Ca2+ dissociation. Additionally, the Ca2+-binding-defective EF hand mutant
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The reorganization of an
amorphous ball of cells during
embryogenesis into distinct germ
layers with unique developmental
potentials results in the formation
of the gut and other internal
organs. This process is called
gastrulation, from the Greek word
‘gaster’, or belly. In 1872, Haeckel
defined a gastrula as a hollow
diploblastic embryonic stage
common to all metazoans, wherein
the inner layer, the endoderm,
delimits a gastric cavity connected
to the exterior by an opening
interpreted to be the mouth [1].
The gastrula was the basis for
Haeckel’s gastraea theory in which
he proposed that all metazoa
evolved from a primitive organism,
a ‘gastraea’, retaining the gastrula
stage of development throughout
their evolutionary history [1]. This
hypothesis was crystallized in
Haeckel’s famous claim that
“ontogeny is the short and rapid
recapitulation of phylogeny”.
A recent study on a freshwater
nematode [2] has now revealed
that the link to the postulated
gastraea has been maintained in
extant creatures even among
animals, such as the star of all
nematodes, Caenorhabditis
elegans, that undergo a bizarre
mode of gastrulation in which
there is no recognizable hollow
diploblast stage. This finding
unifies the nematodes
ontogenically with all other
triploblast phyla, as anticipated by
earlier molecular phylogeny
studies [3].
While it is a key attribute of all
multi-blastic metazoans, a striking
feature of gastrulation is that the
manner by which cells internalize,
leading to formation of the
endoderm and mesoderm, differs
remarkably across phylogeny.
know where to look. With a
molecular suspect now identified,
surveillance of these near-
membrane foci for Ca2+ influx may
provide a breakthrough in the
study of these ephemeral coupling
domains. Evanescent wave
imaging has a solid pedigree for
this task [14], as the unparalled
optical resolution of this method
can detect Ca2+ signals resulting
from the activity of single Ca2+
channels at the cell surface [18].
Finally, we should remember
that STIM1 was originally cloned
from a chromosomal region linked
to several cancers [19]. STIM1
overexpression induces growth
arrest in certain cells, leading to
its characterization as a potential
tumor growth suppressor [20].
Unraveling the pathophysiological
linkage between STIM1, SOCE
and cell proliferation will be a
further area of research catalyzed
by these provocative new data.
References
1. Putney, J.W., Jr. (1986). A model for
receptor-regulated calcium entry. Cell
Calcium 7, 1–12.
2. Venkatachalam, K., van Rossum, D.B.,
Patterson, R.L., Ma, H.-T., and Gill, D.J.
(2002). The cellular and molecular basis
of store-operated calcium entry. Nat.
Cell Biol. 4, E263–E272.
3. Berridge, M.J. (2004). Conformational
coupling: A physiological calcium entry
mechanism. Sci. STKE 243, pe33.
4. Bolotina, V.M. (2004). Store-operated
channels: diversity and activation
mechanisms. Sci. STKE 243, pe34.
5. Parekh, A.B., and Putney, J.W., Jr.
(2005). Store-operated calcium channels.
Physiol. Rev. 85, 757–810.
6. Rosado, J.A., Redondo, P.C., Sage, S.O.,
Pariente, J.A., and Salido, G.M. (2005).
Store-operated Ca2+ entry: vesicle fusion
or reversible trafficking and de novo
conformational coupling? J. Cell.
Physiol., in press.
7. Roos, J., DiGregorio, P.J., Yeromin, A.V.,
Ohlsen, K., Lioudyno, M., Zhang, S.,
Safrina, O., Kozak, J.A., Wagner, S.L.,
Cahalan, M.D., et al. (2005). STIM1, an
essential and conserved component of
store-operated Ca2+ channel function. J.
Cell Biol. 169, 435–445.
8. Liou, J., Kim, L.M., Heo, W.D., Jones,
J.T., Myers, J.W., Ferrell, J.E., Jr., and
Meyer, T. (2005). STIM is a Ca2+ sensor
essential for Ca2+ store depletion
triggered Ca2+ influx. Curr. Biol. 15, this
issue.
9. Williams, R.T., Manji, S.S.M., Parker,
N.J., Hancock, M.S., Van Stekelenburg,
L., Eid, J.-P., Senior, P.V., Kazenwadel,
J.S., Shandala, T., Saint, R., et al. (2001).
Identification and characterization of the
STIM (stromal interaction molecule) gene
family: coding for a novel class of
transmembrane proteins. Biochem. J.
357, 673–685.
10. Putney, J.W., Jr. (2005). Capacitative
calcium entry: sensing the calcium
stores. J. Cell Biol. 169, 381–382.
11. Manji, S.S.M., Parker, N.J., Williams,
R.T., van Stekelenburg, L., Person, R.B.,
Dziadek, M., and Smith, P.J. (2000).
STIM1: a novel phosphoprotein located
at the cell surface. Biochim. Biophys.
Acta 1481, 147–155.
12. Williams, R.T., Senior, P.V., van
Stekelenburg, L., Layton, J.E., Simth,
P.J., and Dziadek, M.A. (2002). Stromal
interaction molecule 1 (STIM1), a
transmembrane proteins with growth
supressor activity, contains an
extracellular SAM domain modified by N-
linked glycosylation. Biochim. Biophys.
Acta 1596, 131–137.
13. Oritani, K., and Kincade, P.W. (1996).
Identification of stromal cell products
that interact with pre-B cells. J. Cell Biol.
134, 771–782.
14. Axelrod, D. (2001). Selective imaging of
surface fluorescence with very high
aperture microscope objectives. J.
Biomed. Opt. 6, 6–13.
15. Berridge, M.J. (1995). Capacitative
calcium entry. Biochem. J. 312, 1–11.
16. Park, M.K., Petersen, O.H., and Tepikin,
A.V. (2000). The endoplasmic reticulum
as one continuous Ca2+ pool:
visualization of rapid Ca2+ movements
and equilibration. EMBO J. 19,
5729–5739.
17. Tateishi, Y., Hattori, M., Nakayama, T.,
Iwai, M., Bannai, H., Nakamura, T.,
Michikawa, T., Inoue, T., and Mikoshiba,
K. (2005). Cluster formation of inositol
1,4,5-trisphosphate receptor requires its
transition to open state. J. Biol. Chem.
280, 6816–6822.
18. Demuro, A., and Parker, I. (2004).
Imaging single-channel calcium
microdomains by total internal reflection
microscopy. Biol. Res. 37, 675–679.
19. Parker, N.J., Begley, C.G., Smith, P.J.,
and Fox, R.M. (1996). Molecular cloning
of a novel human gene (D11S4896E) at
chromosomal region 11p15.5. Genomics
37, 253–256.
20. Sabbioni, S., Barbanti-Brodano, G.,
Croce, C.M., and Negrini, M. (1997).
GOK: a gene at 11p15 involved in
rhabdomyosarcoma and rhabdoid tumor
development. Cancer Res. 57,
4493–4497.
Department of Pharmacology,
University of Minnesota Medical School,
Minneapolis, Minnesota 55455, USA. 
E-mail: march029@umn.edu
DOI: 10.1016/j.cub.2005.06.035
Dispatch    
R495
During gastrulation of the nematode worm Caenorhabditis elegans,
individual cells ingress into a solid ball of cells. Gastrulation in a basal
nematode, in contrast, has now been found to occur by invagination
into a blastocoel, revealing an unanticipated embryological affinity
between nematodes and all other triploblastic metazoans.
Nematode Gastrulation: Having a
BLASTocoel!
